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FOREKORD 

. This  r e p o r t  e n t i t l e d  "Development of Response Models f o r  t h e  Earth Radial ' ' 7  

Budget Experiment (ERBE) Sensors" c o n s i s t s  of t h e  following fou r  p a r t s .  

P a r t  I, NASA CK-178292, i s  e n t i t l e d  "Dynamic Models and Computer S.mulations 

f o r  t h e  ERBE Nonscanner, Scanner and Solar  Monitor Sensors". 

P a r t  11, NASA CR-178293, i s  e n t i t l e d  "Analysis of t h e  ERBE I n t e g r a t i n g  Sphere 

Ground Calibration".  

P a r t  111, NASA CR-178294 i s  e n t i t l e d  "ERBE Scanner Measurement Accuracy 

Analysis Due t o  Reduced Housekeeping Data". 

This i s  P a r t  I V ,  NASA CK-178295, e n t i t l e d  "Preliminary Nonscanner Models and 

Count Conversion Algorithms" . 
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1. INTRODUCTION 

This  r e p o r t  e n t i t l e d  "Development of Response Models f o r  t h e  Ear th  

Radia t ion  Budget Experiment (ERBE) Sensors" c o n s i s t s  of f o u r  p a r t s .  T h i s  

p a r t ,  P a r t  I V ,  NASA CR-178295, is  e n t i t l e d  "Pre l iminary  Nonscanner Models 

and Count Conversion Algorithms". 

The remaining p a r t s  are as fo l lows .  

P a r t  I, NASA CR-178292, i s  e n t i t l e d  "Dynamic Models and Computer 

S imula t ions  f o r  t h e  ERBE Nonscanner, Scanner and S o l a r  Monitor Sensors". 

P a r t  11, NASA CR178293, is e n t i t l e d  "Analysis o f  t h e  ERBE I n t e g r a t i n g  

Sphere Ground Ca l ib ra t ion" .  

P a r t  111, NASA CR-178294, is  e n t i t l e d  "ERBE Scanner Measurement 

Accuracy Analys is  Due t o  Reduced Housekeeping Data". 

Th i s  document d i s c u s s e s  i n  g r e a t e r  d e t a i l  t h e  p re l imina ry  nonscanner 

models in t roduced  i n  P a r t  I of  t h i s  r e p o r t .  The mathematical  modeling 

e q u a t i o n s  and count convers ion  a lgo r i thms  are d i s c u s s e d  i n  greater depth .  

The purpose of t h i s  document is t h e r e f o r e  t o  d e f i n e  two count convers ion  

a lgo r i thms  and t h e  a s s o c i a t e d  dynamic senso r  model f o r  t h e  M/WFOV non- 

scanner  rad iometers .  The model is r equ i r ed  t o  provide  and update  t h e  

constants necessa ry  f o r  t h e  convers ion  a lgo r i thms ,  though t h e  frequency 

w i t h w h i c h t h e s e  updates  needed t o  occur  was u n c e r t a i n .  S ince  t h e  count  

convers ion  equa t ions  themselves are f u n c t i o n s  of  t h e  senso r  tempera tures  

and impinging r a d i a t i o n  i n  which t h e s e  tempera tures  are t r a n s m i t t e d  to-  

g e t h e r  w i th  the senso r  r ad iomet r i c  d a t a ,  o t h e r  parameters  updated from 

t h e  senos r  model were sugges ted  t o  be as i n f r e q u e n t  as once pe r  month a f t e r  

ins t rument  performance had been v a l i d a t e d .  

gor i thm and i t s  a s s o c i a t e d  senso r  model was dependent on t h e  completion o f  

(1) senso r  c h a r a c t e r i z a t i o n  and c a l i b r a t i o n s  and (2) computa t iona l  simula- 

t i o n  and a n a l y s e s  of v a r i o u s  measurements and d a t a  r e d u c t i o n  processes .  

The f i n a l  s e l e c t i o n  o f  an al- 



2. NARRATIVE DESCRIPTION 

2 . 1  Approach - The fo l lowing  approach was pursued: (1)  To develop  

a mathematical model of  t h e  s e n s o r s  which accoun t s  f o r  t h e  convers ion  o f  

i r r a d i a n c e  (W/m ) a t  t h e  senso r  FOV limiter t o  d a t a  (counts ) .  (2) To 

d e r i v e  from t h i s  model two a lgo r i thms  f o r  t h e  convers ion  o f  d a t a  (counts )  

t o  i r r a d i a n c e  (W/m ) a t  t h e  s e n s o r  FOV a p e r t u r e .  (3) To develop measure- 

ment models (which account f o r  a s p e c i f i c  sou rce  t o g e t h e r  w i th  t h e  senso r )  

2 

2 

senso r  c h a r a c t e r i z a t i o n  and c a l i b r a t i o n ,  i n  o r d e r  t o  e m p i r i c a l l y  

de te rmine  c o n s t a n t s  i n  t h e  senso r  model and convers ion  a lgo r i thm;  

p re /pos t  launch  c a l i b r a t i o n ,  i n  o r d e r  t o  check and upda te  ( i f  

necessa ry )  c o n s t a n t s  i n  t h e  senso r  model; and 

i n f l i g h t  measurements, i n  o r d e r  t o  p r o p e r l y  app ly  c o n s t a n t s  t o  

t h e  convers ion  a lgor i thm.  

Of t h e  two a lgo r i thms ,  one i s  of t h e  g a i n / o f f s e t  t ype  t h a t  would be 

p r e f e r r e d  because of  i t s  computational s i m p l i c i t y  provided t h a t  i t  is suf -  

f i c i e n t l y  a c c u r a t e .  The o t h e r  a l g o r i t h m  i s  o f  t h e  Kalman f i l t e r  t ype  t h a t  

may o the rwise  be r e q u i r e d .  The mathematical  models o f  t h e  s e n s o r s  and 

count convers ion  a lgo r i thms  are presented  i n  t h i s  document. 

2.2 Sensor Models - The nonscanner s e n s o r s  are a c t i v e  c a v i t y  r ad io -  

meters wi th  medium and wide field-of-view (M/WFOV) limiters and shortwave 

(SW) and t o t a l  (T) responses  ( see ,e .g .  F ig .  1). The SW response  is ob- 

t a i n e d  by t h e  i n c l u s i o n  of a fused  s i l i ca  dome f i l t e r  ove r  t h e  c a v i t y  

2 



a p e r t u r e .  The dynamic model f o r  t h e  T s e n s o r s  has  8 themal nodes and f o r  

the SW s e n s o r s  tios one a d d i t i o n a l  node f o r  the f i l t e r .  In  a d d i t i o n ,  t h e  

model accounts  f o r  t h e  a c t i v e  e l e c t r i c a l  h e a t e r  (H) and t h r e e  tempera ture  

probes (P) a s  w e l l  as f o r  t h e  s i g n a l  a m p l i f i c a t i o n  and ana log - to -d ig i t a l  

conversion. 

I r r a d i a n c e  i n p u t s ,  which are t r e a t e d  as ano the r  thermal  node, are 

p a r t i a l l y  i n c i d e n t  d i r e c t l y  on t h e  c a v i t y  a p e r t u r e  (node S ) ,  p a r t i a l l y  ab- 

sorbed and r e f l e c t e d  by t h e  base  (5) and FOV limiter ( 6 ) ,  and f o r  t h e  SW 

senso r  a l s o  absorbed, r e f l e c t e d ,  and t r a n s m i t t e d  by t h e  f i l t e r  (9).  The 

absorbed i r r a d i i n c e  raises t h e  tempera ture  o f  nodes 5, C ,  and 9 and c a u s e s  

unwanted thermal  r a d i a t i o n  toward t h e  cavigy  (1) and h e a t  conduct ion  through 

nodes 4, 5, 6 ,  8 and 9 t o  t h e  c a v i t y  (1)  and h e a t  s i n k  (2 ) .  Some o f  t h e  

r e f l e c t e d  i r r a d i a n c e  from nodes 5, 6 and 9 may scatter i n t o  t h e  c a v i t y  (1). 

The unwanted as w e l l  as source  i r r a d i a n c e  t h a t  is absorbed by t h e  c a v i t y  

w a l l s  i n c r e a s e s  i ts  temperature.  The electrical  r e s i s t a n c e  tempera ture  

probe wound around t h e  c a v i t y  w a l l s  s e n s e s  t h i s  tempera ture  change and 

activates an  e lectr ical  feedback c i r c u i t  which, i n  t u r n ,  s u p p l i e s  power t o  

a n  e lectr ical  r e s i s t a n c e  h e a t e r  t h a t  is  a l s o  wound around t h e  c a v i f y  walls, 

(see Fig.  2). The feedback electronics (see F igs .  5 and 6 )  are des igned  t o  

ma in ta in  a c o n s t a n t  tempera ture  d i f f e r e n c e  (approximately l 0 C )  between t h e  

c a v i t y  and t h e  r e f e r e n c e  c a v i t y .  The h e a t  s i n k ,  and hence t h e  r e f e r e n c e  

c a v i t y ,  is  tempera ture  c o n t r o l l e d  t o  approximate ly  40 C, The electrical  

v o l t a g e  r e q u i r e d  t o  ma in ta in  t h i s  c o n s t a n t  tempera ture  d i f f e r e n c e  is ( i d e a l l y )  

p r o p o r t i o n a l  t o  t h e  h e a t  i n p u t s  t o  t h e  c a v i t y .  

ampl i f i ed ,  conver ted  i n t o  d i g i t a l  coun t s ,  and t r a n s m i t t e d  t o g e t h e r  w i t h  house- 

keeping d a t a ,  which i n c l u d e s  t h e  tempera ture  of  t h e  FOV limiter (6) and t h e  

0 

The v o l t a g e  s i g n a l  is 

3 



base (5) and copper (2)  h e a t  s ink .  

2 . 3  Conversion Algorithms - Two t y p e s  of conversion a lgo r i thms  have 

been developed from t h e  senso r  model. The s t e a d y - s t a t e  l i n e a r i z a t i o n  (SSL) 

a lgor i thm,  which i s  of t h e  " g a i n / o f f s e t "  form, r e q u i r e s  fewer on - l ine  comp- 

u t a t i o n s ;  however, i t  may have l a r g e r  e r r o r s  due t o  t h e  s e n s o r ' s  t r a n s i e n t  
~ 

behavior.  The modified Kalman F i l t e r i n g  (MKF) a lgo r i thm i s  more a c c u r a t e  

under t r a n s i e n t  c o n d i t i o n s ,  bu t  r e q u i r e s  more on- l ine  computations as w e l l  

as f i l t e r  des ign  development. 

Both a lgo r i thms  ( i m p l i c i t l y  o r  e x p l i c i t l y )  account f o r  tempera ture  d i f -  

f e r e n c e s  a t  d i f f e r e n t  nodes, temporal changes i n  t h e  node temperatures (e .g . ,  

dome f i l t e r ,  FOV t empera tu res ) ,  r e f l e c t i o n  and emission from FOV l imiter in- 

t o  t h e  c a v i t y ,  a c t i v e  c a v i t y  h e a t e r  behavior ,  e l e c t r o n i c  feedback c o n t r o l ,  

etc.  However, t h e  f i n a l  accuracy of t h e s e  a lgo r i thms  ( i n  comparison t o  

o t h e r  a lgo r i thms)  can o n l y  be a s c e r t a i n e d  by t e s t i n g  and s i m u l a t i o n  under 

real is t ic  c o n d i t i o n s .  Thus, ground c a l i b r a t i o n  d a t a  must be used f o r  t e s t i n g  

and development. 

2.4  

of  t h e  s e n s o r ,  i t s  model and count convers ion  a lgo r i thm,  and t h e  e r r o r  

Measurement Models - Figure  4 p r e s e n t s  a f u n c t i o n a l  f low diagram 

a n a l y s i s  p rocess  t h a t  i s  used t o  

( a )  e v a l u a t e  t h e  senso r  model ( e r r o r  e ), 

(b) e v a l u a t e  t h e  count convers ion  a lgo r i thm ( e r r o r  e * ) ,  

( c )  a d j u s t  model and a lgo r i thm parameters t o  minimize e r r o r s  and 

(d) e s t a b l i s h  conf idence  i n t e r v a l s  f o r  t h e  conver ted  d a t a .  

1 

This a n a l y s i s  must 

da t a .  

be performed wi th  senso r  c h a r a c t e r i z a t i o n  and c a l i b r a t i o n  

C h a r a c t e r i z a t i o n  and c a l i b r a t i o n  sources  provide  a v a r i e t y  of i r r a d i -  

ance inpu t s .  A t  t h e  same t i m e ,  u n f o r t u n a t e l y ,  s t r a y  h e a t  i n p u t s  l e a k  

4 



( r a d i a t i v e l y  and conduc t ive ly ,  d i r e c t l y  and i n d i r e c t l y )  i n t o  t h e  s e n s o r s  

from the scnso r / sou rce  environment. 

environment but  is  used i n  a d i f f e r e n t  environement, e r r o r s  are i n e v i t a b l y  

in t roduced  u n l e s s  t h e  e f f e c t s  of  t h e  c a l i b r a t i o n  environment are p rope r ly  

accounted f o r .  Thus, i t  is  important t o  account f o r  t h e s e  s t r a y  h e a t  in- 

p u t s  when c a l i b r a t i n g  t h e  senso r  t o  e m p i r i c a l l y  update  c o n s t a n t s  f o r  t h e  

model and a lgor i thm.  F igu re  5 shows a block diagram of t h e  procedure and 

approach t h a t  w i l l  be  used du r ing  p r e / p o s t  c a l i b r a t i o n s .  ' T h e  nominal 

v a l u e s  of t h e  model and count convers ion  parameters  have been e s t a b l i s h e d  

i n  t h e  ground c a l i b r a t i o n  phase. 

I f  a senso r  is c a l i b r a t e d  i n  a given 

The approach i n  t h i s  phase is t o :  

(a) de te rmine  whether t h e  senso r  response  h a s  changed, 

(b) de te rmine  whether t h e  c a l i b r a t i o n  sources  have degraded, 

(c)  update  t h e  s e n s o r  and source  parameters  t o  adequa te ly  r e f l e c t  

t h e  new ( u s u a l l y  degraded) senso r  response ,  

(d)  update  t h e  count convers ion  parameters  and 

(e) update t h e  conf idence  i n t e r v a l s  on t h e  measurements and count  

convers ion .  

Thus, c u r r e n t  i n f l i g h t  c a l i b r a t i o n  d a t a  is  compared t o  t h e  cor responding  

p rev ious  c a l i b r a t i o n  d a t a  t o  de te rmine  i f  any change i n  o v e r a l l  r e sponse  has  

occurred .  I f  s i g n i f i c a n t  d i f f e r e n c e s  are found then  senso r  and source  model 

parameters  are v a r i e d  s y s t e m a t i c a l l y ,  and t h e  c u r r e n t  d a t a  is now compared 

t o  s imula ted  d a t a  wi th  updated parameters.  

t a i n e d  e r r o r  a n a l y s e s  are performed t o  o b t a i n  new conf idence  i n t e r v a l s ,  as 

w e l l  as updated count convers ion  parameters.  

When updated parameters  are  ob- 

F igure  6 shows t h e  f u n c t i o n a l  f low of t h e  measurement p rocess  i n c l u d i n g  

t h e  sensor/environment i n t e r a c t i o n ,  r o u t i n e  d a t a  p rocess ing  and t h e  i n t e r -  

a c t i o n  of f l i g h t  c a l i b r a t i o n  p rocess ing  wi th  r o u t i n e  d a t a  p rocess ing .  
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3. SIMULATION INPUTS 

The fol lowing Input  Data Table I o u t l i n e s  t h e  c o n s t a n t s  and parameters  

which needed To Be Determined (TBD) f o r  the corresponding element numbers 

and l o c a t i o n s  f o r  u s e  i n  t h e  nonscanner s e n s o r  model ( s e e  s e c t i o n s  5 .1  and 

5.2). - 
Input  Data Table I1 f u r t h e r  l i s ts  t h e  c o n t a n t s  and parameters  which 

needed To Be Determined (TBD) for t h e  nonscanner model equat ions .  

INPUT DATA TABLE I 

(To Be Determined For The Sensor Simulat ion)  

TBDJ T B D ~  T B D ~  TBD 

TBI 

TBC 

TBC 

TBC 

TBC 

TBC 

.__ 

- 
- 
- 
- 

I I I 

TBC 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

- 
- 
- 
- 
- 

TBD 

TBD 

TBD 

TBD 

TBD 

- 
- 
- 

TBD TBD TBD TBD TBD 

TBD TBD TBD TBD TBD 

TBD TBD TBD TBD TBD 

TBD TBD TBD TBD TBD 

TBD TBD TBD TBD TBD 

-mi 
T BD 
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INPUT DATA TABLE I1 

- -TBD k = 1, 2,  ..., 11 o r  1 2  

i = 1, 2 ,  ..., 11 . o r  12 

k = 1, 2 ,  ..., 11 o r  12 

k = 1, 2 ,  ..., 11 o r  12 

Li-k = TBD 

%-i = TBD 

hk-i = TBD 

Qk = TBD k = 1, 2 ,  3 

(dependent on Sensor o p e r a t i o n  schedule)  

= TBD 

= TBD 

'j-i (K-L) 

EFOV (t) (on account of  t h e  v a r i e t y  of r a d i a n t  sou rces ,  

t h e  r a d i a n t  sou rces  must f i r s t  be de f ined  b e f o r e  

FOV(t) * )  
determining  E 

Housekeeping Data (HKD) & Necessary Information 

7 



4 .  SIMULATION OUTPUTS 

A f t e r  i n c o r p o r a t i n g  t h e  c o n s t a n t s  and parameters from Inpu t  Data Tables  

I and 11, t h e  s imula t ion  model provided t h e  fo l lowing  o u t p u t s .  These ou t -  

pu t s  became i n p u t s  f o r  u se  i n  f u r t h e r  computations. 

(a) A l l  parameters  def ined  i n  Sec t ion  5 f o r  u se  i n  t h e  Data V a l i d a t i o n  - 
Algorithm f o r  d a t a  products  

(b) Noise, b i a s  and time c o n s t a n t s  and some inpu t  v a r i a b l e s  f o r  u se  i n  

t h e  E r r o r  Analys is  problem 

(c) I r r a d i a n t  f l u x  v a l u e s  a t  FOV o f  s enso r  f o r  u s e  i n  t h e  Inve r s ion  

Analys is  Algorithm. 

5. PROCESSING METHOD/ALGORITHM/EQUATIONS: 

The e q u a t i o n s f o r  t h e  r a d i a t i v e  and thermal  models o f  t h e  H/h!OV NS 

senso r s  w i t h  and wi thout  a f i l t e r  dome are  g iven  i n  Equat ions  8 and 9 i n  

s e c t i o n  5.2.  The c o e f f i c i e n t s  A, D ,  B B and b i n  t h e s e  e q u a t i o n s  are 

computed from Inpu t  Data Table  I and t h e  v a r i a b l e s  de f ined  i n  t h i s  s e c t i o n .  
Q’ 

Equations 8 and 9 a f t e r  having de f ined  c o e f f i c i e n t s  A, D, BQ, B and b ,  

r a d i o m e t r i c  count r ead ings  and HK d a t a ,  are used i n  t h e  Count Conversion 

Algorithms f o r  t h e  a n a l y s e s  of both s t e a d y - s t a t e  and t r a n s i e n t  r e sponses  

of t h e  senso r s .  

A s imula t ion  of t h e  s e n s o r s  w i l l  be developed u s i n g  t h e  parameters  de- 

f i n e d  i n  t h i s  section. This  s imula t ion  w i l l  be used as shown i n  F i g u r e s  

5 and 6 dur ing  ground and f l i g h t  c a l i b r a t i o n s  t o  update model parameters, 

count conversion parameters ,  f o r  e r r o r  a n a l y s e s  and t h e  s e l e c t i o n  o f  

a lgo r i thms  . 
D’ BQ’ and Of 

The fo l lowing  pages show how t h e  c o e f f i c i e n t s  A, 

Equations 8 and 9 are  def ined .  
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5.1 NS SICNSOR MODEL 

The c o n s t a n t s ,  parameters  and v a r i a b l e s  which appea r  i n  t h e  fo l lowing  

equa t ions  are t aken  from Input  Data Table I o r  de f ined  by t h e  a d d i t i o n a l  

equa t ions  i n  Inpu t  Data Table 11. 

The i n d i c e s  of  v a r i a b l e s  are denoted by t h e  node s u r f a c e  i d e n t i f i e r  

shown i n  t h e  a t t a c h e d  f i g u r e s ,  e .g . ,  9a ,  3d, etc. 

Exchange f a c t o r s :  

where i, j = i d e n t i f i e r s  f o r  each s u r f a c e  

L s.0,  1, 2 ,  ... number of s p e c u l a r  image s u r f a c e s .  

K = 1, 2 ,  3, ... number of s p e c u l a r  real s u r f a c e s .  

Var i ab le  1: 

where i, j = i d e n t i f i e r s  f o r  each s u r f a c e  

V a r i a b l e  2: 

Hkji = c s  j k-j 'j-i 

where k, j, i = i d e n t i f i e r s  f o r  each s u r f a c e  

9 



Variab le  3 6 4: 

With f i l t e r  dome: 

where j = 1, 8b, 8,, ga 

m = 5 ,  6 ,  gb, 10 

.Without f i l t e r  dome: 

where j = 1, 8,,, ga 

m = 5 ,  6,  8,, gb, 10 

Var i ab le  5 :  

where k = node number 

Var i ab le  6: 

%-i + 1 + Li-k 

where k ,  i = node number 

Var i ab le  7: 

(4) 

(7) 
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= K K K  1 
A13 1 2 3' A1 10 K3 

I- 

A12 R12M1 ' 

all o t h e r  1st row e lements  i n  the A mat r ix  are ze ro  (see Eq. 8).  

1 1 - -(& + - + -- + 1) * (+-) 
R24 R23 R27 A22 

1 
I- 

A23 R23M2 

1 
A27 

1 I- 
A24 R24M2 ' 

a l l  o t h e r  2nd row A m a t r i x  e lements  are zero .  

1 A33 = - - 
R32M3 

1 
R32M3 A32 =- ' 

a l l  o t h e r  3rd  row A m a t r i x  e lements  are zero.  

A42 -- R4 2M4 1 .  , A 4 4 = - ( & + L + L ) * ( k )  R45 R48 

1 
I- 

A48 R48M4 
1 

I- 

A45 R45M4 ' 

all o t h e r  4 t h  row A mat r ix  e lements  are ze ro .  

1 '  + -  +-(+ +A)) Rs 9 * ($-) R56 R58 R511 57 

1 
A54 = R54Mg ' 

1 
P 

A57 R57 M5 
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, A  E- (with f i l t e r  dome l 
E 

1 
' A59 R59 M5 511 Rsl1Ms s A58 = - 1 

A56 R56Mg '5 8M5 

a l l  o t h e r  5 t h  row A mat r ix  elements are ze ro .  

1 

R6 gM6 
A66 - - 1. 

A65 IC R65Mg ' 

a l l  o t h e r  6 t h  row A mat r ix  elements are zero .  

1 1 
A72 =-  ' R72M7 

1 
P- 

A75 R7sM7 

a l l  o t h e r  7 t h  row A matrix elements are ze ro .  

1 
n- 

A85 R85M8 
1 

A84 = ' 

1 1 + - + -) * (k) A88 E -(% R85 R89 
(with f i l t e r  dome) 

(without f i l t e r  dome) 

(with f i l t e r  dome) 1 

a l l  o t h e r  8 th  row A m a t r i x  e lements  are ze ro .  

For a s e n s o r  w i t h  f i l t e r  dome only :  

1 
I- 

A811 Rg5Mll 

1 
A118u R M  

118 8 

A 
11 11=(- & + i&> * (*) 

a l l  o t h e r  9 t h  row A mat r ix  e lements  a re  zero .  
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Considering t h e  

1 

Ag5 - R105M10 

* K1 
I - -  

A I C  1 M 1 O  ' 

box beam as an a d d i t i o n a l  node des ignea ted  "node 9"; 

, A99 -(It 9 5  'M 9 ) 
where M10 = 1 K1 

I- 
A 1 O  3 Ml0 

a l l  o t h e r  10 th  row elements  are zero.  

Var iab le  8: 

The s u b s c r i p t s  S and L denote  t h e  shortwave and longwave p r o p e r t i e s  

of s u r f a c e s  i n  t h e  enc losure ,  r e s p e c t i v e l y .  That is, t h e  r a d i a t i v e  

p r o p e r t i e s  i n  t h e  b racke t  w i th  s u b s c r i p t  S are def ined  by shortwave 

c h a r a c t e r i s t i c s  of a su r face .  

Data Table  I. 

These p r o p e r t i e s  are taken  from Input  

To avoid t h e  r e p e t i t i o n  of w r i t i n g ,  we write as t h e  fol lowing 

example: In  t h e  fo l lowing  equat ions ,  e must be read a s € ,  E -C C 

EXAMPLE : 

I 



A (1-p )E H 
D13 = (<) ( 1, l e  3, lej3e 

D17 

- D  
1 1 1  1 9  = O  = D  Dl 10 
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D24 - D2g = D26 = D27 = D28 = D 29 2 10 = D2 11 = D 

= 0 = D3 11 D38 = D39 D3 10 
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D43 = O 



D S l 0 = O = D  5 11 = D5 9 

D6 10 = D6 11 = D6 9 

D71 

17 



D74 = D75 = D76 = 0 

= D  = o  - 
D82 - D83 84 

D87 

18 



9u = ?.I3 D1Y4 = O 

19 



Dl17 = O 

20 



m D1O 1 D1O 2 D1O 3 D1O 4 D1O 5 D1O 6 D1O 7 D1O 8 

D1O 9 = D1O 10 = O = D 1 0  11 D1O 12 

D1l 9 = D1l 10 D1l 11 = O = D11 12 

m 
D1l 1 = D1l 2 = D1l 3 D1l 4 D1l 5 = D1l 6 D1l 7 = D1l 8 

Variable 9: 

tt q2,  q 4 ,  and q7 are subscr ip t s .  

Variable 10: 

BE = BSES + BLBL 

21 



I 
(1-P )H -2- 

+ T G H g  ( 9b 9bm9b 9 aj a 

S , L  

A l l  o t h e r  e lements  are zero.  

Variable 11: 

22 



A l l  other b s  are zero.  

Without F i l t e r  Dome ( t o t a l  channel) 

V a r i a b l e  1 2  

+ A (l-p )E H 
1, 2 l e j 2 )  D12 =(<) (1, A (l-p 1, )E 2 H l c j 2  1, 

I 

23 



24 



E D  P O  D34 D35 36 

’38 E D3 10 = D39 E D3 1 1 =  D3 12 
- 

A (1-p )E H 
D41 (e ) (  4 ,  4 1, 4j1, 

D42 (e ) ( A4,(1-P4)E2H4j2) 

25 
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. 
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P - 
D1O 1 D1O 2 D1O 3 = D1O 4 - D1O 5 = D1O 6 D1O 7 = D1O 8 

Dm 10 = O = D 1 0  g = D1O 11 = D1O 12 
- - 5 D  - D  

D1l 1 - D1l 2 = D1l 3 - D1l 4 = D1l 5 - D1l 6 = D1l 7 11 8 11 9 

= 0 e D l l  12 = 0 D1l 10 = D 1 1  11 
BQ = s a m e  as V a r i a b l e  9 

V a r i a b l e  13: 

I 28 



A l l  other elements are zero. 

Variable 14: 

- K K K b  /M bl 1 2 3 1 0 1  

I= "10 M10 = 1. 
b10 (Kibio + nlO)/M1O + b10 (l-K1) ' 

A l l  other b's are zero. 
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5.2 IIYNAMIC SENSOK MODEL EOIIA'CIONS 

Collecting all the above variables into a matrix differential 

equation, * 

Without Filter Dome: 

i = A T + D T  4 + B 4 + B E + b + e  
Q 

- 
v = CT T + Eb b + n 

With Filter Dome: 

4 ? = AT + DT + B Q + Bs Es + BL EL + b + e Q 
- 

v = CT T + Eb b + n 

In the above equations (8) and ( 9 1 ,  

4 T,  T , BQ, B, b and e are the column vectors of 

9th order. 

A and D are 9 x 9 matrices. 

Eq. (8): 

b and e are the column vectors 4 
T, 9 BQS Bs, BL, 

of 10th order. 

A and D are 10 x 10 matrices. 

Eq. (9):. 
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5.3 COUNT CONVERSION ALGORITHMS FOR M/hTOV TOTAL AND SHORTWAVE INSTRUMENTS 

A. Steady-State L i n e a r i z a t i o n  Algorithm 

1. Wide and Medium Field-of-View T o t a l  Ins t ruments  

The a lgo r i thm c o n t a i n s  two p a r t s .  F i r s t  a t a b l e  is genera ted  o f f -  

Using t h e  dynadic model parameters computed, l i n e  f o r  each ins t rument .  

a t a b l e  of  g a i n  and o f f s e t v a l u e s  is genera ted  and s t o r e d .  

is updated as needed when new f l i g h t  c a l i b r a t i o n  d a t a  a r r i v e s .  

p a r t  o p e r a t e s  on-line.  As d a t a  from t h e  ins t rument  is rec i eved ,  i t  is 

processed by t h i s  p o r t i o n  of t h e  a lgo r i thm t o  o b t a i n  t h e  i r r a d i a n c e  a t  t h e  

f i e l d - o f - v i e w .  

This  t a b l e  

The second 

For t h e  medium and wide FOV ins t rument  t h e  dynamic modelhas  t h e  form 

4 ? = AT + DT + B 4(T2) + BE + b, Q 

- 
v = C T + Ebb, T 

where t h e  n o t a t i o n  T4 d e s i g n a t e s  t h e  v e c t o r  whose ith component is 

Ti; i . e . ,  t h e  f o u r t h  power o f  t h e  i 

matrices and v e c t o r s  A,  D, B B and b are computed as s p e c i f i e d  i n  t h e  

model equa t ions .  

4 t h  
component of t h e  v e c t o r  T. The 

Q’ 

o i ’  v o i ’  The ga in  and o f f s e t  v a l u e s  c o n s i s t  of e lements  of t h e  form (E 

yOiJ i = 0 ,  1, . . ., N ,  where 
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E Oi =iAEo, i - O , l , . . . ,  N. 

Eoi  i s  computed by t h e  above equat ion ,  while  Voi i s  obta ined  

using t h e  fo l lowing  a lgor i thm us ing  t h e  func t ion  

4 
f (To,Eo) = AT 0 +DT,--+ BEo + b 

Algorithm f o r  gene ra t ing  t h e  t a b l e  of p o i n t s  (Eni ,  V n i ,  Yn 

1. I n i t a l i z e :  Eo 5 iAEo, T1 = Toi-l, z1 - O(i=O on ly ) ,  

k = 1, a = 1 

* 2.  Compute ATk, Tk+l 

The prime " ' " denotes  t h e  t ranspose.  * 
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3.  

4. 

5 .  

6 .  

7.  

8. 

9 .  

10. 

11. 

12.  

3 -1 
a is  the (2,2) element of (A + 4D Tk) 

n 

22 

I f  jil If,(Tk+i, Eoi)  + BQ 'k+ll I f j (Tk '  Eoi) + Q k  ' 1 ,  
1 

Set a = 2a/3 and GO TO 2 

n I C E , GO TO 7 If j g 1  I j (Tk+l* Eoi) 

k = k + l  

BQ 'k+l 

GO TO 2 

+ Cb b "oi 'T Tk+l 

B = -CT(A + 4D 

E- l Q B  'oi B 'QB 

Store  Eoi, "Oi '  ' O i  

I f  i > N, STOP 

i - i + l  

GO TO 1. 

!f3 ) - l  B 
k+l 

.I 

3 
The matrix Tk i s  defined as follows 
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PL 

0 

0 

0 
3 

Tk 2 

0 

0 .  

0 .  

0 .  

. .  

. .  

. .  

0 

0 

0 

3 
Tkn 

where T is the ith component of T 

look-up table of gains and offsets off-line and stores them. 

The algorithm generates the ki k' 

The processing of data for count conversion is performed by the 

on-line part of the algorithm. 

consisting of readings of counts (v), base temperature (T ), field 

of view limiter temperature (TF) and the copper heat sink temperature 

(TH); i. e., 

Let V be a measurement to be processed 

B 

V 

On-line Count Conversion Algorithm 

1. Obtain the value of voi (table look-up) "closest" t o  v 

(i.e., Iv - veil is minimum). 
used to minimize real time usage. 

Note: start research at the last v 01 

n 

2 .  Compute estimates E of irradiance at FOV 
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9. Wide and Mediuin FOV Short Wave Instruments 

The algorithm for the short wave instruments is similar to the 
I total channels, and consists of generating a table of gains and offsets, 

and an on-line algorithm for processing data. It is important to note 

that to obtain the estimate of the short wave irradiance at the field 

of view, the algorithm uses the estimate of the total irradiance corre- 

sponding t o  the some time to account for the effects of long wave 

radiation on the short wave measurement. 

The dynamic model of the medium and wide field of view short wave 

instruments has the form 

4 'i' = AT + DT + B 4 ( T Z )  + Bs Es + B1 El + b Q 

V = CT T + C,, b 

ZI 

The table consists of elements (Esi, Etim, Voim, yoim, fiOim) and 

uses the function. 
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Algorithm &ar Generat-.% Table (Sh rtwave) 

A 

= 0 (m = 0 only) 1. Et = m h  t' 

2. Es = iAEs, T1 Toi-ls k = 1, a = 1 

3. 
n -3 -1 Azk = -  B ' (A + 4D Tk) [f(Tk, Es, Et) + B Q k  z 1 

a22 

= Zk + AZk 'k+l 

v 3  -1 4. ATk = -a(A 4D Tk) [f(Tk, Ess  ft) + BQ zk+lI 

+ ATk Tk+l = Tk 

Set 2nd element of Tk+l to TZNOM; i.e.9 Tk+l 2 5 .  T2NOM 

n 
' $ ) + B  z I  t Q k  

n A 

6 .  If jgl Ifj(Tk+l, Ess Et) + BQ 'k+l I ' j =l lfj(Tk, 
Set a = 2a/3 and GO TO 4 

A I < E, GO TO 10 7.  If jtl Ifj(Tk+ls E s s  Et) + 'Q 'k+l 

8. k = k + l  

9. GO TO 3 

+ Cb b lo* "aim = 'T Tk+l 

-3 -1 = -CT (A + 4D Tk) B1 11* Boim 
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-3 -1 12. 6 -CT ( A * 4D Tk) (Bs - B1) 

Q 8  Yoim e l ~ ~  
1 

E -  

A 

s' Et' "aims Yoim' 'oim 13. S t o r e  E 

14. If 1 2  N GO TO 17 

15. i = i + l  

16. GO TO 2 

17. I f  m 2 M, STOP 

18. m = m + l  

19. GO TO 1. 

The  t a b l e  i s  thus generated by t h e  algori thm given above. This 

a lgori thm is used o f f - l i n e  t o  o b t a i n  t h e  ga ins  and o f f s e t s  used i n  t h e  

on-line p a r t  of  t h e  count conversion algorithm. 

T h e  processing of a r r i v i n g  "input" d a t a  from " f l i g h t "  opera t ions  

f o r  count conversion may be performed by t h e  on-line por t ion  of the  algorithm. 

L e t  V be  a measurement of counts and base,  FOV l imiter and copper hea t  s ink  

temperatures obtained from a shor t  wave instrument;  i. e . ,  
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Arrivli ig d a t a  o f  t l t is  forin is procc>sscd a s  shown below. 

- On-line Count Conversion Algorithm (Short  Wave) 

1. Round 2 t o  t h e  c l o s e s t  va lue  of 2 Note: E^ is t h e  l as t  t m '  

ou tput  of t h e  on- l ine  count conversion a lgo r i thm f o r  t h e  a p p r o p r i a t e  

t m '  t o t a l  channel.  L e t  m be t h e  index  of t h e  rounded va lue  2 
2 .  Obtain tlie va lue  of  v ( t a b l e  look-up) c l o s e s t  t o  v ;  i . e . ,  

I i s  minimum f o r  i = 0, i, . , ., N .  Note: m i s  f i x e d  by 1; 
o im 

Iv - v oim 

s tar t  s e a r c h  a t  l a s t  v a l u e  of v used. oim 
n 

S I  
3 .  Compute estimate of i r r a d i a n c e  a t  f i e l d  of view a p e r t u r e  E 

q. 
* 

h h 

(E - )] t m  , = 
Es Esi + Yhim [(V - Voim> - Boim 
h A h  

El = E - Es 

The on- l ine  count conversion a lgo r i thm t h u s  provide  estimates of 

t h e  s h o r t  wave, long  wave and t o t a l  r a d i a t i o n  i n c i d e n t  on t h e  f i e l d  of 

view a p e r t u r e  i n  "normal" ope ra t ion .  The model parameters and look-up 

t a b l e s  w i l l  be updated a s  needed when c a l i b r a t i o n  d a t a  i s  obta ined  t o  

account f o r  changes i n  t h e  instrument behavior .  
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B. Modified Kalman F i l t e r i n g  Algorithms 

1. Medium and Wide FOV T o t a l  Ins t ruments  

The Steady S t a t e  L i n e a r i z a t i o n  a lgo r i thms  g iven  are based on t h e  

assumption t h a t  temporal and s p a t i a l  v a r i a t i o n s  i n  t h e  incoming r ad iance  

are s u f f i c i e n t l y  slow and small so t h a t  t h e  output  of t he  ins t rument  

is mainly determined by i t s  s t e a d y  s ta te  response.  The a lgo r i thms  

p resen ted  i n  t h i s  : sec t ion  are based on concepts  used i n  Kalman f i l t e r i n g  

and do no t  make t h i s  assumption so t h a t  t h e  p o r t i o n  of t h e  output  due 

t o  t h e  t r a n s i e n t  response  i s  accounted f o r  i n  t h e  conversion. Fu r the r  

e r r o r  reducing  p r o p e r t i e s  of t h e s e  a lgo r i thms  make them s u i t a b l e  f o r  

h igh  accuracy  measurements. 

The a lgo r i thm is r e c u r s i v e  and c o n s i s t s  of t h e  fo l lowing  equa t ions  

given i n  m a t r i x  form. 

where t i s  t h e  kth sampling i n s t a n t ,  A t  t h e  sampling i n t e r v a l ,  V(tk) 

t h e  measurement vec.tor a t  t i m e  t c o n s i s t i n g  of coun t s ,  base ,  FOV and 

k 

k 
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A 

hea t  s ink  temperature readings,  and E ( t  k ) is t h e  est imate  of t h e  

i r rad iance  inc ident  on the  FOV aper ture  a t  t i m e  tk. 

The i n i t i a l  values  of T(to) ,  k ( to )  are obtained using the SSL algorithm 

f o r  generat ing t h e  look-up t a b l e ,  and S ( to )  = 0. 
A 

2 .  

The algori thm f o r  t h e  s h o r t  wave instruments uses the  estimate 

E ( t  k ) and S ( tk )  obtained from t h e  algorithm f o r  t h e  t o t a l  channels. 

This allows t h e  algorithm t o  estimate e f f e c t s  such as t he  hea t ing  of 

t h e  dome f i l t e r  and leakage. 

Medium and Wide FOV Short Wave Instruments 

A 

E ( t  ) is t h e  estimate of  t he  s h o r t  wave i r rad iance  inc ident  on s k  

k' t h e  FOV a p e r t u r e  a t  t i m e  t 
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( s e e  List of S u b s c r i p t s ,  p .  vi, for 
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